While the Internet has apparently become a major source of information about many items, including real estate, travel, computer equipment, books, records, and automobiles, little is known about how it is used, and about its impact on search behavior. The objective of this study is to shed light on this question by studying the use of the Internet as an information source for one good, automobiles.
Abstract
While the Internet has apparently become a major source of information about many items, including real estate, travel, computer equipment, books, records, and automobiles, little is known about how it is used, and about its impact on search behavior. The objective of this study is to shed light on this question by studying the use of the Internet as an information source for one good, automobiles.
In order to accomplish our objective, we need to construct a model of the choice of information sources. We liken the time spent with each alternative source to the choice of factors of production. In our case, different sources are combined to produce current information, which, when combined with prior information, produces gains to information, defined as the difference in monetary value between the best choice given complete information and a random choice.
Assuming that consumers choose the optimal amount of time to allocate to each source, given their time costs, we derive first-order conditions that lead to expressions for the share of time spent with each source and total search time. These expressions become the basis for our empirical analysis.
Consistent with past literature and our data, we define four major categories of sources of information on automobiles. These are interpersonal sources such as friends and relatives, nonadvocate or neutral sources of print information such as Consumer Reports, dealer/manufacturer sources, and the Internet.
We use data on information source use obtained from recent new car buyers in one market in 1999, after the Internet became established, and compare this with data obtained from a survey of recent car buyers obtained in 1989 in the same market, before the Internet was introduced. The two data sets allow us to create baseline estimates of what buyers with a particular set of characteristics would have done in the absence of the Internet, and then to determine how the presence of the Internet is associated with deviations from this baseline.
Our descriptive results indicate that about 40 percent of our sample used the Internet as a source in their purchase decision, which is very consistent with other evidence on Internet use in 1999, the time of our survey. The share on Internet use in total search is significantly related to younger age, higher education, higher wage, dissatisfaction with the dealer of the previous car, and no decision on which manufacturer to buy from prior to the search.
A testable prediction of our model is that the Internet should draw proportionally from each other source. Since dealer/manufacturer sources get the biggest share of time in the absence of the Internet, this implies that the Internet has the greatest absolute impact on time with these sources. Tests of the proportional draw assumption indicate that this hypothesis cannot be rejected, and that the assumption provides a good approximation for our data.
Our analysis of total search indicates that total search increases with factors that determine gains to search, such as price level of the chosen model, and decreases with prior information and efficiency at search. Specifically, total search decreases with a prior decision on a manufacturer or dealer to buy from, satisfaction with the previous dealer, and age. Search also decreases with wages, a measure of time costs.
Putting all of the pieces of our model together allows us to estimate the effects of the Internet and other consumer characteristics on search, and on gains to search. We simulate overall behavior, and that of Internet users and certain other groups, both with and without the Internet. Our simulations indicate that the Internet both reduces total search time, and leads to improved purchases. These effects are largest for younger, more educated consumers,
The Impact of the Internet on Information Search for Automobiles Introduction
There are currently very few countries and territories left in the entire world that do not have at least one host computer connected to the Internet -the massive network of interconnected packet-switched computer networks (Rutkowski 1999) . The number of Internet users worldwide has increased exponentially from about 40 million in 1996 to nearly 300 million People are increasingly using the Internet not only as a major source of general news information but also to search for specific product information on a variety of goods and services like real estate, automobiles, travel, education, computer equipment, books and records. Because of its obvious relationship to brand and store choice, understanding consumers' product information search behavior has always been critical to firms' strategic decision making in terms of communication media choice. So, with the Internet emerging as an increasingly popular information source for consumers, it has become important to understand who uses the Internet as a source, how it is used, and its impact on consumers' use of conventional sources of product related information. The answer to these questions is particularly relevant as businesses debate how best to allocate billions of advertising dollars between the Internet and other conventional communication media (Dreazen 1999) .
Unfortunately, as Parker and Plank (2000) point out, there has been "little information published about the Internet as an information source and whether or how media habits are undergoing changes due to its rapid growth." With some exceptions to be discussed later, the information mostly consists of a few survey studies in the business press. It is clear from these studies that the use of the Internet has grown rapidly, and has become widespread. For example, J.D. Power and Associates (2000) found that 54 percent of new car buyers used the Internet in 2000, up from 40 percent in 1999. However, studies often reach contradictory conclusions about the impact of the Internet on the use of traditional media like the print and TV (Consoli 2000; Gablehouse 2000) . There is a need for study of the use of the Internet as an information source, of impact of Internet use on the employment of other sources, and of the effect of the Internet on total search effort and consumer welfare.
The objective of this paper is to use a natural field experiment for a systematic empirical investigation into the determinants of the use of the Internet as an information source for automobiles, and into the impact of the Internet on consumers' use of conventional product information sources, and on information search in general. Specifically, we use product information search data collected from a sample of new car buyers in an identical field setting before and after the introduction of the Internet. We use these data to determine who uses the Internet as a source, describe their purpose of this use, and estimate the impact of the Internet on the use of other sources, and on total search. We also derive estimates of the impact of the Internet on total search, and on consumer welfare.
While there are numerous theories and models of total search effort (e.g., Moorthy, Ratchford and Talukdar 1997) , theoretical frameworks for studying the choice of information sources are not well developed (Hauser, Urban and Weinberg (1993) is an exception). Thus we had to develop a theoretical framework for studying the choice of the Internet as an information source. In this paper, we build a formal model of the choice of information sources and of total search for information in a cost-benefit framework. This model extends and makes operational the general framework presented in Ratchford, Talukdar and Lee (2001) . A testable assumption of the model developed in the present paper is that the share of time spent with the Internet is drawn proportionally from the other sources that we consider. Our empirical evidence, which compares information source use before and after the introduction of the Internet, is consistent with this assumption. In our empirical analysis we find that the share of search time spent with the Internet is inversely related to age, and positively related to education and dissatisfaction with the dealer of the previous car. We also model the determinants of total search effort, and empirically find that factors related to prior information, such as a decision about what manufacturer or dealer to buy from prior to the search, are inversely related to time spent searching. Based on our model, we estimate the net monetary benefit of the Internet to different buyer groups. The Internet provides a considerable benefit to younger, more educated, consumers.
We present a brief review of the academic literature on Internet use and search for automobiles in the next section. After this we present our theoretical framework. We go on to describe our data, and present descriptive information on Internet use that is derived from our data. We then study the shares of time spent with the Internet and other sources, and test whether the Internet had a disproportional effect on the use of other sources. We go on to analyze total search behavior across all sources, and the impact of the Internet on this behavior. Finally we present our estimates of gains due to the Internet.
Literature Review
While it is rapidly expanding, the literature related to the use of the Internet as an information source is still limited. The pioneering article of Alba, et al. (1997) discusses the potential impact of electronic commerce on consumers, retailers and manufacturers. However, this article does not contain a formal model of the choice of the Internet as an information source. Bakos (1997) does present a formal search model that considers the impact of the Internet on equilibrium outcomes. However, the basic focus of the Bakos paper is on market outcomes, not individual differences in search or choice of different sources. The present study focuses on how the latter varies across individuals.
While the above articles imply that the Internet will enhance competition, Lal and Sarvary (1999) and Lynch and Ariely (2000) show that this is not necessarily the case. Lal and Sarvary (1999) present a theoretical model in which Internet can decrease search by lowering the cost of buying a preferred item relative to searching in the store. Lynch and Ariely (2000) present a simulated web search environment for wine. They show that designing the web environment to make quality comparison easy decreases price sensitivity for unique items, giving them more monopoly power. Conversely designing the web environment to facilitate comparison makes common items more price sensitive, but lowers demand for the unique items.
Academic studies of the impact of the Internet on the use of other sources are few. Parker and Plank (2000) recently conducted a survey study of the media habits of students. This study suffers from several limitations. First, it used a sample that was relatively small (204) and was restricted to only undergraduate business students. Also, the design of the study provides only a "snap-shot" of current media habits, rather than any insight into the impact of the Internet in terms of change in media habits. Finally, this study does not fully control for demographic variables to explain differences in media habits across individuals. Ratchford, Talukdar, and Lee (2001) present a general model of the choice of the Internet and other information sources. In this model the use of specific types of sources depends on types of attributes that are salient, prior information, skill at using each source, ease of accessing a source, and income. Using this model, a number of general propositions about the use of the Internet are developed. The model in Ratchford, Talukdar, and Lee (2001) is a general theoretical model that cannot be readily employed empirically. The model in the present paper is an extension of their framework to the specific case of search for automobiles, and contains specific functional forms for prior information and the productivity of sources that can be parameterized. The resulting model of the choice of sources is estimated in this paper. While Ratchford, Talukdar, and Lee (2001) present some univariate contrasts between users and nonusers of the Internet in searching for automobiles, they do not present a complete multivariate analysis of the type presented in the present study.
Two recent working papers consider the use of the Internet in search for automobiles, and present results that are complementary to those presented in this study. Klein and Ford (2001) collected survey data using the Internet on search for automobiles from 369 respondents who were either recent buyers or current shoppers. A key finding of their study is that on-line use appears to have three dimensions: (1.) manufacturer/dealer sources, (2.) buying services and other third parties, and (3.) bulletin board/chat sources. These dimensions each have off-line counterparts: (1.) dealer visits/advertisements; (2.) Consumer Reports and other third-party sources of print information; (3.) interpersonal contact with friends/relatives. Since the data for the Klein and Ford (2001) study were gathered on the Internet, a drawback of this study is that it does not contain information about the information source use of car buyers who do not use the Internet. Morton, Zettelmeyer and Risso (2000) Klein and Ford (2001) replicate this approach for their sample of Internet users. One of the interesting findings of both studies is that there is a large segment of consumers that does not search much at all. Both of these studies are primarily empirical and do not offer a theory of the choice of sources. In contrast, Hauser, Urban and Weinberg (1993) develop and estimate a model of the sequence of choice of sources. Their model was applied in the context of a laboratory simulation of the information search process, and cannot be directly applied in this study since we only have survey data on total time spent with each source. We construct a model that is geared to this type of data.
Theoretical Framework
A consumer's process of information search and acquisition can be conceptualized as a production process in which the consumer seeks to maximize the difference between the utility gain and cost of search. Information sources can usefully be identified as inputs to this production process in which time spent with each source leads to increased information, and ultimately a better decision. One source of information is memory or prior knowledge, which is a control in our study, which focuses on the choice of external sources of information.
Based on previous literature and the data available for empirical work, we define the following categories of external of sources of information for our study:
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• Dealer/manufacturer-related, defined as retailer/salesman/brochures/ads/test drives/time to get to dealer. These are the primary sources of information on attributes that can only be ascertained by direct inspection (how the car feels in comfort and handling), as well as the place where price negotiation takes place. Because of the nature of our data we cannot easily distinguish activities aimed at information gathering from the dealer from those related to completing the sale. Consequently we count both sets of activities as search.
• Friends/relatives, which are distinguished from other non-dealer sources because information is conveyed by word-of-mouth.
• Non-advocate (neutral) impersonal sources in print media, defined as Consumer Reports, and other ratings or price information not sponsored by the dealer or manufacturer.
• Internet, defined as any information conveyed on the Internet, including ratings/price data/ads/manufacturer data/dealer data/on-line chat/the Internet version of Consumer
Reports.
We construct a model of the consumer's choice of these sources when time is the costly resource used in accessing them. We model the consumer's decision to allocate a total amount of time across sources as follows. Given her opportunity cost of time, the consumer decides how much time to spend on searching each of the sources listed above to maximize the net benefit of search. Specifically, let g be the difference between the consumer's expected utility of a choice in the focal product class under complete information, and the consumer's expected utility under no information (random choice). Let I be a measure of the worth of the consumer's stock of information, which varies between I = 0 (if the consumer has no information) and I = 1 (if the consumer has complete information). The consumer's gain from information is then gI, which = 0 if I = 0 and the consumer makes a random choice, and equals g if I = 1 and the consumer makes a fully informed choice.
The consumer's stock of information at any time t can be expressed as S + F, where S is prior information and where F is the amount of information added to the stock between the time the search commences and the purchase is made. There must be diminishing returns to information, e.g., the function relating I to S+F must exhibit diminishing returns. An appropriate function that has I bounded between 0 and 1 is
. The information produced in the search, F, is produced by allocating t 1 ,…,t n units of time to n different sources: F = F(t 1 ,…,t n ). A function that reflects diminishing returns to each source is:
, where the subscript j refers to source, we assume a j > 0 if a source is used, 0 if it is not, and that the optimal F is positive.
For simplicity we assume that the costs of search are exclusively time costs, which would seem to be a reasonable approximation for automobiles, and that each unit of time devoted to a given information source costs w. Consequently the consumer's cost of search is
This leads to a definition of the consumer's maximization problem:
Taking first-order conditions, we get relationships of the form:
The right side of Equation 1 is seen to be constant for all i, so that the marginal effects of all of the sources must be equal at the optimum. For the model in Equations 1 and 2 this implies that the relative shares of each source are equal to the relative values of the coefficients a i and a j :
This implies that the share of use of each source identifies the relative values of the coefficients a i and a j in our model. Since shares of use of each source identify their relative productivity holding constant gains to information, costs of information and prior information, studying the determinants of cross sectional variation in these shares will be a key to determining differences across consumers in their ability to use different sources, including the Internet.
Determinants of Share of Each Source in Search
In general ∑ j j i a a will vary cross-sectionally with the ability of that source to convey information on the attributes most critical to increasing I, and with the consumer's ability to use a source effectively. Thus if the cross sectional variation in the ability of a source to convey information is given by a vector of factors SI, and if the cross sectional variation in the ability to use a source is given by a vector of factors, SU, then the share of use of source i by consumer k varies cross-sectionally as:
where ik ε is a random error term measuring the impact of unobserved consumer-specific factors on the use of source i.
Since there is not much evidence about what determines SI and SU for specific sources, our expectations about cross-sectional variation in source use must be somewhat speculative. As a first cut, we might expect the relative efficiency of the different sources to vary crosssectionally as follows:
• Internet (a nk ) -Since younger, more educated persons are to be computer literate, and therefore use the Internet more effectively, ability to use the Internet as a source should vary positively with education, inversely with age. To the extent that the Internet is used as a source of information about manufacturers, its share of use should be inversely related to a decision to buy from a particular manufacturer prior to the search. To the extent that the Internet is used for information about dealers and price, its share should be negatively related to satisfaction with the previous dealer. The share of the Internet might be related to the respondent's wage for several reasons: the Internet may be a time saver and the wage a measure of the cost of time; higher wages might be associated with higher income and cars that require more information; higher wage might reflect skills related to
Internet use.
• Dealer-related (a dk ) -Since all consumers have to use the dealer for price negotiation and actually purchasing the car, the share of time spent with the dealer in the purchase process should vary inversely with the value of information from other sources (dealer share will be high when a jk for other sources is low). This would tend to take place when satisfaction with previous car and dealer are high, a choice of manufacturer has been made prior to the search, and when consumers are older since older buyers tend to be brand loyal and search less. Share of the dealer might also be higher when price negotiation is a more important part of the search process, which would tend to be true for higher priced cars.
• Friends/relatives (a fk ) -Evidence from past research indicates that inexperienced, single, less educated, lower income, female buyers tend to rely heavily on the advice of others in their car purchase (Furse, Punj and Stewart 1984) . Consequently we expect the share of friends/relatives in the search process to be inversely related to number of cars bought in the past 10 years, age, education and income, positively related to being female, single and buying one's first car. These inexperienced buyers should also be more likely to buy less expensive cars.
• Non advocate sources in print media (a pk ) -These sources of information provide test results and other factual information of the type readily conveyed over the Internet, and major sources of this type of information such as Consumer Reports and Edmonds are also available on the Internet. One might expect these sources to appeal to educated buyers, but not to be so skewed toward younger buyers, who are more likely to be computer literate and use the Internet instead. Since these sources appear to focus relatively more on model characteristics than price in comparison to the Internet, one might expect them to have relatively more appeal to those who are interested in comparing models. These might be men, who tend to be more interested in cars, and those with an incentive to search for model information, such as those who are dissatisfied with their previous car.
Determinants of Total Search
After taking logs and simplifying, Equation 2 can be written as: 
. This leads to:
Noting that Equation 3 also implies
, we can also derive an expression for total search across sources by substituting these terms into Equation 4, and using j j As a = :
. Thus total search is related to gains (g), prior information (S), time costs (w), efficiency (A), and the distribution of s j , in the same way as the time spent with a particular source. The shares of use of each source are exogenous to Equation 8 since they are completely determined by the a parameters.
2 If a i = 0 the source is not used.
Cross-sectionally g varies with factors that affect the dispersion in the value of cars across consumers. Some of these might be demand shifters (DS) such as price paid, stage in life cycle as revealed by age. Thus for consumer k we have:
Cross-sectionally S varies with factors related to prior information. One would be a predecision to buy from a particular manufacturer or dealer (PD); another would be a vector of factors related to experience that would provide information on the best buy on the current search (EX). These factors would be satisfaction with previous car or dealer, age, since older consumers may have a better idea of what they like, experience at buying cars. Thus for consumer k we have:
A 
Moreover, because our model assumes IIA, the share of any non-Internet source among sources other than the Internet should be the same before and after the introduction of the Internet:
(10. A problem with the survey, which is shared with virtually all studies of search behavior (Moorthy, Ratchford and Talukdar 1997 is an exception), is that several months elapsed between the purchase and data collection, taxing respondents' ability to recall their search. However, automobiles are a major purchase, making it likely that respondents will be able to recall their behavior. Our results are broadly consistent with previous studies of search for automobiles, indicating that our study does not pose any special problems. Moreover the impact of forgetting should be the same for both of our surveys, and therefore cancel out in our analysis. Because of the difficulty of identifying buyers or potential buyers ahead of time, the post-purchase procedure that we employed is really the only feasible method for conducting large-scale surveys of search behavior.
Variables
Consistent with our theory, our dependent measures are self-reports of time spent searching in hours for the sources of information noted above. Total time spent is the sum over all sources of these measures. To check responses, this total was compared with another survey question that sought an estimate of total time. Consistent with past studies, responses showing a discrepancy of more than 50 hours were discarded; there were only a few of these. The correlation between the alternative measures was .84. While we also had data on the respondent's self report of the spouse's search, it was evident that much of this amounted to their going together to the dealer. We decided to limit this study to the respondent's search.
Experiments with analyses that included the spouse's search indicated that excluding the spouse did not have any appreciable effect on the results. Our measure of Internet use was a self-report of time spent searching for information about cars on the Internet. We also had an alternative measure of whether respondents consulted the Internet for information about cars; the two measures provided consistent results in all but a few cases. We also asked respondents to check a list of types of information that they obtained on the Internet, and to provide a list of sources that they consulted on the Internet.
Descriptive Results
Since little is known about the characteristics of those who use the Internet in search for automobiles, a description of our sample responses is of interest in itself. Table 1 presents the 4 The wage for those who do not work had to be imputed. We ran a first-stage probit analysis of those who work and those who do not work, and computed a selectivity bias correction factor from this analysis. However, this correction factor was statistically insignificant in a second stage regression of log wage on its determinants for the working sample. Accordingly we used a standard regression of log wage on male, married, education, number of basic characteristics of our samples. To make monetary measures for the two samples comparable, monetary measures for 1989 were inflated to 1999 values using the Consumer Price Index. Possibly reflecting improvements in the industry over the past 10 years, the 1999 sample tended to more satisfied with their previous car and dealer. Possibly as a result of this, respondents tended to consider fewer models and dealers in 1999 and to search less. More of the 1999 respondents were female, and, because of differences in classifications of vehicles by our mailing list supplier, the 1999 sample includes more minivans. Compared to others in the 1999 sample, Internet users tended to search more in general, and to consider more models and dealers. They tended to be less satisfied with the dealer and less likely to know which dealer to buy from. They were younger, more educated, and had a higher wage. As table 1 indicates, median amounts of search are considerably below the means for the various samples, which reflects the fact that data on search are skewed.
( Table 1 about here) Table 2 presents a description of Internet use by our 1999 sample. Slightly less that 40 percent of the respondents reported using the Internet in their search. This is very close to the proportion of Internet users for the U.S. as a whole reported in J.D. Power (2000) . Virtually all of our respondents who reported using the Internet reported using this medium for price search, about two-thirds of the Internet users reported using the Internet for performance and reliability information. Slightly less than a third of the Internet users reported obtaining a referral to a dealer.
Responses to the sources consulted question were unaided responses to an open-ended question. By far the most common mention of sources consulted was the manufacturer page; the children, age dummies and household income for the working sample to develop an imputed wage for those who do not work.
proportion consulting this was roughly consistent with the proportion seeking performance and reliability information. In fact approximately 81 percent of those who contacted the manufacturer home page reported seeking either performance or reliability information on the Internet.
Evidently the manufacturer home page has become a major information source for car buyers.
Other sources mentioned frequently were Consumer Reports, various sources of price information, and dealerships.
( Table 2 about here) Table 3 presents a descriptive logistic regression contrasting Internet users and non users.
This gives very similar results to a Tobit relationship of share of use of the Internet as a function of predictors that is consistent with our theoretical model, and that will be presented later. The difference between the two analyses is that the one in Table 3 does not control for differences between respondents in overall incentives to search (differences in g, w, S, A), while the later one does control for these because share is used as the dependent measure. Table 3 indicates that use of the Internet has a strong inverse relation to age, a strong positive relation to education and sticker price. The latter effect may be partly due to the greater latitude to negotiate price on expensive cars; alternatively it may simply be due to collinearity between price and the set of car type dummy variables. Internet use is also inversely related to prior knowledge of what manufacturer or dealer to buy from, and to satisfaction with the dealer. The negative signs on various car types are relative to the null category of small car, and may, as noted above, to some extent be an artifact of collinearity with the sticker price variable.
( Table 3 about here) Table 4 presents logistic regressions of type of information sought on the Internet on the same variables as included in the Internet choice regression. While the results are similar to those for the choice regression, there are some notable exceptions. Seeking price information is more closely related to the wage, a measure of time costs, suggesting that the Internet may be used as a time saving way to obtain price information. Using the Internet for price information is less related to lack of prior knowledge of which manufacturer to buy from, suggesting that this information is used to gather information for the upcoming negotiation once a car has been decided upon. Use of the Internet for performance and reliability information, on the other hand, is strongly related to not knowing which manufacturer to buy from. It is also significantly related to dissatisfaction with the previous dealer, suggesting that users may turn to the Internet for performance and reliability information because they do not see the dealer as a satisfactory source of this information. Finally, use of the Internet for performance and reliability information is signifcantly related to buying an upscale sedan (such as a Lexus 300), a type of car for which this type of information might be particularly salient. On the other hand, using the Internet for reliability information is not related to sticker price, suggesting that those who are concerned with this information may buy less expensive cars. Finally, possibly because it is less common, Internet referral to a dealer is less well explained than other information types. One finding is a possible negative relationship to number of cars bought in the past 10 years, suggesting that less experienced buyers are more likely to use the Internet for a referral.
( Table 4 about here)
Results for Share of Use of Sources
Internet Share Table 5 presents analyses the share of total hours of search of the Internet as a function of predictor variables. The first run uses all of the predictors employed in the logistic regression in Table 3 , the second eliminates the dummies for car types, while the third contains only the variables that have an a priori reason to affect the relative productivity of the Internet. The analyses document the strong effects of age and education, which are not surprising, but worth verifying. Other results are the negative effects of decision to buy from a given manufacturer prior to the search (only significant at .08), and satisfaction with the previous dealer, and a positive effect of wage.
( Neither of these results is significant. Model 3, which is restricted to variables that had some a priori rationale for inclusion, can be preferred. Our evidence indicates that variables related to gains to search and prior information affect the productivity of the Internet in predictable ways.
The IIA Assumption
Our empirical model rests on the assumption that the presence of the Internet does not affect the relative share of the remaining sources: the Internet draws share equally from all of the other sources. The study by Klein and Ford (2001) suggests that this is a reasonable assumption.
As noted above, the study by Klein and Ford (2001) Consequently the proportional draw hypothesis is a reasonable expectation.
One test of our proportional draw assumption about substitution of the Internet for other sources is presented in Table 6 . Table 6 shows that the Internet accounted for about 7.3 percent of the reported search time of an average respondent; since 60 percent of the sample did not use the Internet, the average among users is much higher. Average shares of the other 3 sources declined correspondingly between 1989-99. However, if one excludes the Internet in 1999
(estimates the average relative to A), average shares of the other 3 sources do not change significantly.
( Table 6 about Table 7 show that Internet share was never significant in these regressions, indicating that our independence assumption is reasonable. This does not mean that the Internet has no effect on the use of other sources; it merely means that the Internet appears to draw proportionally from the original sources. For example, if a consumer originally spent all search time with the dealer, and now spends 20 percent with the Internet, the dealer's share will fall to 80 percent. In fact, because the dealer/manufacturer source is the most extensively used, our results imply that the Internet will have the largest absolute effect on this source.
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( Table 7 about here)
Determinants of Shares of Other Sources
Tables 8-9 present analysis of the determinants of use of the other three sources if the Internet share is removed. Table 8 presents a tobit analysis of the friend share on pooled 1989-99 data (results for the separate samples were very similar). As discussed above, we expect the share of friends/relatives in the search process to be inversely related to number of cars bought in the past 10 years, age, education and income, positively related to being female, single and buying one's first car. For the most part these results are borne out in Table 8 . Notable exceptions are that first car has the wrong sign, and gender and wage are insignificant. While satisfaction with dealer and satisfaction with manufacturer were also included in Table 8, neither variable was significant. In general our results indicate that friend is a relatively productive source of information for younger, single, less experienced and educated automobile buyers.
( Table 8 about Table 9 . Possibly because they do not utilize other sources, less educated, more experienced buyers tend to concentrate their search at the dealer. A result that we have difficulty explaining is that the dealer share is significantly related to the number of children at home, and possibly to being female (significant at .09). Possibly female buyers with children at home do not have time to search from other sources.
( 
By substituting shares and appropriate predictors of A, g, S, w, we can estimate Equation 14 by nonlinear regression. We hypothesize that A ok , which is related to efficiency, is a function of education and marital status (the spouse can lower the need for the respondent to obtain information):
A ok = a 0 + a 1 *Education + a 2 *Marital Status.
We hypothesize that g is related to price, since more expensive cars provide more scope for negotiation and involve more complex tradeoffs. Since the respondent's wage may be partly related to gains to search we relax the constraint that the coefficient of ln w should be one. Other terms in Equation 16 below are measures of prior information.
(16.) The results of the estimation are presented in Table 10 . Table 10 shows that education and marital status are insignificant, and the hypothesis that A ok is a constant cannot be rejected. If correct, the implication is that, controlling for prior information and differences in the relative efficiency of sources, the ability to search for automobiles is the same across consumers.
( Table 10 about here) What appears to determine differences in search are gains to search and prior information. The coefficient of price is significantly positive, and the coefficient of ln w is greater than -1, indicating that this variable is related to gains to search as well as time costs. For the most part, factors related to prior information have the expected negative impact on search. A prior decision to buy from a particular manufacturer or dealer, satisfaction with the previous dealer, and age are all inversely related to time spent searching.
Gains from the Internet
The estimates of the share equations and the expression for total search in Table 10 provide all of the parameter estimates needed to determine gains for the Internet. alternatives assumptions: Internet was present as it was in 1999; Internet was eliminated as a source. Table 11 summarizes the results of this exercise for the sample as a whole and for 5 subgroups. The various shares with the Internet present are actual shares in the data. The table
shows that the Internet share of time spent searching is the highest for the Internet users, and that this source is second in popularity for this group. Most of this added share appears to be drawn from the dealer. In contrast the Internet share is much lower for less educated and older groups, who tend to devote relatively more of their time to the dealer/manufacturer sources. The younger, less educated, consumer makes the most use of the interpersonal sources (friend), least use of the non-advocate sources.
( Table 11 about here)
The remaining entries in Table 11 are estimates drawn from our analysis of time spent, and the proportional draw assumption. The estimates of overall time spent come from Model 1 in Table 10 , and assume a lognormal error. Because they are based on predicted values that remove the influence of outliers, these estimates are more consistent with the medians reported in Table   1 than the means.
The estimates of total time spent indicate an increase in time spent if the Internet were removed as a source; one efficiency provided by the Internet is less time required to gather information. While Internet users and groups that are prone to use the Internet tend to use more time than others, our estimates indicate that they would use even more if the Internet were absent. This is because these younger groups have the least prior information, and therefore more to gain from search. All groups are seen to gather more information, as revealed by F, than they would if the Internet were absent. As must be the case, the Internet users would sacrifice the which includes both the value of better buys and savings in search costs, is actually highest for the young, educated group, which has the most to gain from search (especially those who are relatively dissatisfied with their dealer). For the latter group the gain is estimated to be $38.50. In contrast the estimated average gain from having the Internet is only $2.71 for the over 50 group, and $7.75 for the less educated younger group. The welfare gains from the Internet are obviously skewed toward the younger, more educated, consumers who have more to gain from search.
Conclusions
We have developed and estimated a model in which total search depends on potential gains, prior information, productivity at obtaining information and time costs. In this framework, the addition of the Internet must increase productivity (or at worst leave it unchanged). While this increase in productivity has ambiguous effect on total search effort -it lowers cost of information, but decreases the time needed to obtain a given amount of information -our empirical evidence in the preceding section indicates that the Internet leads to reduced search. This is even though Internet users tend to search the most. Our evidence indicates that they do so because they have the most to gain from search and therefore benefit the most from the presence of this source.
Internet use in search for cars depends heavily on young age, high education, high income. About 40% of our 1999 sample used Internet, and almost all of these reported using it for price information. Referrals to dealer, which are reported by about 30 percent of Internet users, tend to be used by less experienced buyers. Internet users are also the ones likely to have the most to gain from search, and they use other sources as well. In particular, they:
• Buy more expensive cars -high g.
• Are young, less likely to make a choice prior to search, likely to be less satisfied with previous dealer, so have less prior information, or lower S.
• Are more educated -efficient at processing information (and using Internet).
According to our estimates, the Internet affects the use of other sources in approximately the same proportion. However, it has the biggest absolute effect on use of dealer/manufacturer sources (dealer accounts for the biggest proportion of the time in this category) since this is the highest share source. Our analysis further indicates that total search across all sources increases with gains to search, as proxied by sticker price, but decreases with costs of search, as measured by log of wage, and decreases with variables related to prior information, including prior knowledge of what manufacturer or dealer to purchase from, satisfaction with the previous dealer, and age.
We used our estimates of shares and total search to develop simulations of behavior in the presence or absence of the Internet. Our analysis indicates that Internet users spent more time overall in search because they had the greatest incentives to search, and relatively low amounts of prior information. According to our estimates, the availability of the Internet allowed the users to spend less time searching than otherwise, and led to both savings in search costs and better buys. Corroborating evidence that Internet users -at least those who get price referrals -do get better buys is presented by Morton, Zettelmeyer and Risso (2000) . Those who gained the most from the Internet were younger, well educated, consumers, while older consumers stood to gain very little. Aside from their being less likely to use the Internet, this group had the most prior information, the least to gain from search, and therefore searched the least.
The simulation results presented in Table 11 indicate that the presence of the Internet leads to substantial reductions in time with dealer/manufacturer sources. Since our data indicate that most of this is time spent at dealerships that is likely to involve a sales person, the Internet appears to provide substantial efficiency gains to dealers as well as consumers. Dealers save in selling time if consumers come in armed with information that they would not have obtained if the Internet were not present.
7 Thus our evidence suggests that the Internet provides efficiency gains not only to consumers but also to dealers. This, in turn, is likely to have second-order effects on prices (one might expect buyers and dealers to share the gain), and on the structure of automobile retailing.
Our estimates of gains to search are those implied by our model, which are predicated on consumers attempting to maximize the net benefit of search. This is analogous to the profit maximization or cost minimization assumptions commonly made in productivity calculations, and evidence presented in Ratchford and Srinivasan (1993) indicates that this assumption is a reasonable approximation for automobile buyers. However, it would be useful to have more direct evidence about the impact of the Internet on outcomes obtained by consumers. Morton, Zettelmeyer and Risso (2000) do present evidence about prices obtained by those using a referral 
